A historical review of aortography is made that substantiates its present status as a diagnostic tool, particularly in angiology and urology. The technic, premedication, and anesthesia are discussed in detail. The hazards of the procedure and their prevention are reviewed. The reactions to contrast media are enumerated. Aortography plays a selected but important role in the evaluation of aortic aneurysms, arterial occlusion, and stenosis of major vessels. Its value in the diagnosis of abdominal abnormalities is less encouraging. Numerous urologic disorders are discussed in their relationship to angiographic study.
AORTOGRAPHY was introduced in 1929
by Dos Santos," 2 who, inspired by the work of Egas Moniz on cerebral angiography, reported a series of 300 cases in which the abdominal aorta was visualized by translumbar puncture. The diagnostic advantages of the method and its physiologic implications have been conclusively demonstrated. Balestra, 3 Osorio,4 and others5' 6 confirmed these findings and stressed the harmlessness of the method. In spite of these favorable statements the procedure did not find its way into clinical practice. The difficulties were probably caused by lack of a proper contrast medium. Early examiners used sodium iodide, which was difficult to handle and proved to be toxic in animal experiments.7 Thorotrast was an unsatisfactory medium because of severe damage due to its radioactivity and storage in the reticuloendothelial system.8 The situation improved with the introduction of water-soluble contrast media that diminished the hazards of the procedure and opened the way to new trials. Saito and Kamikawa9 as well as Castellanos and Pereiras10 obtained aortograms by countercurrent injection; later, a catheter was introduced high into the aorta."' 12 Nelson'3 and Doss'4 revived interest in the translumbar method as they demonstrated that the procedure is reasonably safe, easily performed, and accurate.
Several authors described large series of
From the Department of Medicine, Creighton University School of Medicine and Creighton Memorial St. Joseph's Hospital, Omaha, Neb. cases outlining its importance for angiology and urology. '5-25 Complications were very few. Up to the year 1947 Dos Santos26 performed 3,000 aortographies without an immediate fatality. Smith22 reported 1,500 consecutive translumbar renal arteriographies without any serious accident.
TECHNIC
The performance of translumbar aortography generally follows the technic of Smith22 as described subsequently. The importance of teamwork consisting of operator, roentgenologist, and anesthetist must be stressed. Each member should have adequate knowledge of the anatomy and topography of the area involved in transilumbar aortic puncture.
Preparation and Premedication
The patient is prepared with a cleansing enema on the preceding evening and given a laxative to empty the colon. The following day food is withheld until the examination is performed. In the morning 100 mg. of cortisone is given orally to prevent anaphylactic reactions to dye.28 A quickly acting barbiturate is administered 2 hours before the procedure and meperidine (Demerol) and atropine are given 1 hour preoperatively. When spinal or general anesthesia is used, sedatives may be discarded. Atropine should be used regularly to prevent occasional arterial spasms after the injection of contrast medium.
A test for sensitivity to the contrast media is performed prior to the procedure. The intradermal injection, often recommended in the literature,28 is impractical, since the highly concentrated media cause skin irritation and sometimes necrosis. A better method is the intradermal test with dye diluted in the patient's serum with readings after 8 and 24 hours. 28 The intraocular route of testing30 may also be used although irritation of the eyes Circulation, Volume XVI, July 1957 120 occurs without any other evidence of hypersensitivity. Intravenous injection of 2 ml. of dye should be performed in the operating room and the patient observed closely for about half an hour. 22 In case of hypersensitivity aortography should be abandoned as the reactions to dye are unpredictable.
Anesthesia
In the early era of aortography general or spinal anesthesia had been used exclusively because the dye injection was very painful.2 At present this is necessary only when the patient cannot cooperate, i.e., in children, or neurotic, or very senile persons. 31, 32 In these cases intravenous anesthesia with 2.5 per cent sodium pentothal supplemented by gas may be given. However, general anesthesia in the prone position is always dangerous and regularly requires intubation. The dye injection necessitates relatively deep anesthesia followed by a period of nonstimulation, which may lead to longer and deeper postoperative depression. 34 Local anesthesia can be recommended for routine use.32 It causes only little distress. The patient can be informed about each step so as to lessen his anxiety and enlist his cooperation.34
The patient is placed in the prone position, his back being cleansed and surgically draped. An intradermal procaine wheal is made at a point below the twelfth rib about 10 to 12 cm. to the left of the spinal processes. The subcutaneous tissues and deep muscle layers are infiltrated with a 3-inch, 21 -gage needle, which is directed superiorly, ventrally, and medially toward and around the spine. The vertebral body has to be anesthetized carefully to avoid pain. The para-aortic tissues should be infiltrated since "splanchnic anesthesia" markedly diminishes the incidence of untoward reactions during dye injection.2 Goodwin and Walter35 injected procaine into the aorta for the same purpose.
The routine use of local anesthesia is not in accord with the opinion of many roentgenologists. Dotter Intra-aortic Dye Injection During or before anesthesia, a scout film of the lower chest, abdomen, and pelvis is made. In this way the position of the spine, the bowel shadows, and the roentgen exposure can be checked. A lead marker at the site selected for skin puncture helps to estimate the direction of the needle and the approximate length of the puncture. It is important to insert the needle rather high in the aorta at the level of the twelfth thoracic vertebra to avoid close contact with the big abdominal vessels. In order to outline the renal arteries some investigators advise insertion of the needle at the level of the first lumbar vertebra to prevent a large portion of the dye passing into the upper abdominal vessels. This procedure is associated with some hazard as the needle enters the "dangerous zone" of Dos Santos2 near the orifices of the renal and superior mesenteric arteries. Direct forceful injection of contrast medium into 1 of these arteries may lead to severe complications. '5 If visualization of the lower aorta or arteries of the extremities is desired, puncture at the level of the third lumbar vertebra may be planned. A stronger opacification of the arteries of the lower extremities will be obtained, but it may be difficult to reach the aorta, which at this point is freely movable and more anterior.
A 6-inch, 18-gage needle fitted with a stylet is satisfactory for the purpose of aortography, but the thin-walled, 17 -gage needle with the Huber point is more suitable.24 The large bore of the needle permits rapid injection. The Huber point promotes better dispersion of the dye in the aorta as the jet of fluid leaves the needle at an angle. The needle is directed always superiorly, ventrally, and medially from the chosen point on the skin toward the body of the vertebra. After the bone is encountered, the needle is withdrawn slightly and reinserted more ventrally until it passes around the spine. At this point the stylet is removed and the needle advanced Hi to 1 cm. until a pulsating blood flow indicates puncture of the aortic wall. This moment is easily recognized as a sense of decreased resistance, similar to puncture of the dura during lumbar puncture.'7 Some caution is necessary at this time as the aortic wall may offer increased resistance and undue pressure can cause the needle to pass through the aorta, enter the abdominal cavity, and injure a viscus. '5 After the aorta has been entered, tubing and syringe previously filled with contrast medium are attached with Luer-Lok connections to the needle. The tubing prevents direct traction or pressure during the injection, which may cause dislocation of the needle and para-aortic deposition of dye. Polyethylene tubing is transparent and inelastic and can be sterilized by immersion in Zephiran hydrochloride solution for 12 hours. Polyvinyl tubing can be sterilized by autoclaving, but becomes stiff and cloudy.37
To increase the concentration of the contrast medium some modifications of this standard technic have been proposed. Large 14-gage needles have been used and contrast medium has been injected simultaneously through 2 needles in the aorta.38
The benefit from these variations, however, is not enough to justify the increased danger of hemorrhage. The rapidity of the injection seems more important than the quantity of the medium.
The injection of 10 We use a simple wooden stand that holds a 20 and a 50-ml. Luer-Lok syringe in a stable vertical position. Sufficient force may be exerted on the syringe barrel to deliver the dye within a few seconds.4' If the injection is started when the aortic blood reaches the syringe, one can feel sure that the needle is in the aorta and air injection is excluded. The syringe should be flushed with warm saline to promote easy motion of the barrel during injection and dye solution should be warmed to body temperature before use to prevent formation of crystals. recommended stereoscopic films, since superimposition of aortic branches often makes identification difficult. The pictures can be taken simultaneously with a special device, or 2 injections with different position of the tube may be used.
For visualization of the abdominal organs and especially the renal parenchymal vessels, multiple film exposure is necessary. The flow of the dye is better followed and details are visualized that otherwise escape observation. Dos Santos26 early recognized the necessity of multiple exposures during the course of the injection and others used the method routinely.21' 45 It was found that the aorta remains outlined for 3 to 4 seconds after the injection. Usually 1 film gives a better picture than the others, depending on the force of the injection. Visualization of the peripheral branches is variable and may precede or follow the optimum filling of the aorta. At least 8 pictures, should be taken, 4 of them at 2-second intervals and the rest 1 to 4 minutes after the injection. The exposure is '15 second with 200 milliamperes at 90-95 kilovolts. In this way the aorta and its main branches will be visualized and the opacification of the abdominal organs, or the pooling of dye in some abnormal structures seen.
In the presence of renal pathology additional films should be exposed 5, 15 , and 30 minutes after dye injection. Excretion of contrast substance in the kidney with filling of renal pelvis, ureters, and bladder will be demonstrated.2' After-Care
After the dye has been injected, the needle is instantly removed and a sterile dressing applied.
An infusion of saline or liberal oral intake of fluid will aid excretion of the dye. When general anesthesia is used, the usual precautions are taken until recovery from anesthesia. In patients examined under local anesthesia the blood pressure and pulse are taken every 30 minutes, but they may be elevated after 4 hours. Medication for pain will be necessary only in cases of extravasation of dye or inadvertent direct injection into renal or mesenteric arteries.
RESULTS
The primary objective of aortography is the demonstration of the aorta and its branches. The degree of vascularity allows conclusions relative to the condition of the abdominal and pelvic organs, especially the kidneys. The artery will be larger than normal with hypertrophy or acute inflammatory lesion of an involved organ. A decrease in the caliber indicates fibrosis and atrophy of the organ..3
Abnormalities of the Aorta and its Branches
Congenital Anomalies. Aortography presents an excellent tool for diagnosis of congenital vascular lesions such as aberrant vessels, arteriovenous fistulas, and aneurysms. Aberrant vessels of the aorta are seldom of clinical significance, but near the kidney they can lead to hydronephrosis through obstruction of the ureteropelvic junction.14 Congenital coarctation of the abdominal aorta is extremely rare; only 16 cases have been recorded in the last 100 years. '6 In some cases it may lead to heart failure and can be corrected surgically. 46 Arteriovenous fistulas are usually diagnosed clinically. However, in congenital abnormalities arteriography is necessary to delineate the vessels involved and the size and number of communications.'6 Visualization of post-traumatic fistulas will also be of considerable help in repair.
Congenital aneurysms of the abdominal aorta are extremely rare. Their detection is hampered by the difficulty of aortography in childhood.' Several instances of aneurysm of hepatic, splenic, celiac, and renal arteries have been described.47' 48 Leriche' 4 as a distinct clinical pathologic entity. It manifests itself gradually and is characterized by fatigue in the legs, intermittent hip claudication, loss of firm erection, absent femoral pulses, symmetrical moderate atrophy of the legs, and signs of impaired circulation without trophic changes of the skin or toenails. The obliteration usually originates in 1 of the common iliac arteries, but the thrombus soon extends proximally, reaching the terminal aorta. The aorta may be blocked completely or partially. The thrombosis may spread upward toward the origin of the mesenteric and renal arteries. The condition is more frequent than is generally realized, the autopsy incidence being 0.1 per cent.55 Aortography is of great value in diagnosis and is evaluating the extent of involvement and of the collateral circulation. With the block at the aortic bifurcation, enlarged intercostal and lumbar arteries and anastomoses of the inferior mesenteric artery with branches of the hypogastric arteries may be seen. If the thrombosis reaches the inferior mesenteric artery, the collateral vessels between the middle and left colic artery dilate. If the block is higher, the collateral circulation will be between the internal mammary and inferior epigastric arteries.'8
Progressive thrombosis of the lower abdominal aorta may be compensated for many years by collateral circulation. Sooner or later it leads to grave ischemic phenomena in the lower extremities due to secondary peripheral changes. Death usually occurs from gangrene and infection of the extremities, or from coronary heart disease. In cases with thrombosis of the renal arteries, hypertension and renal insufficiency are the outcome.4' Early recognition of aortic thrombosis is very important, since resection of the aortic bifurcation is technically possible and the circulation to the extremities may be restored with a homologous graft or synthetic prosthesis. 56 Chronic thrombotic occlusion should be differentiated from acute embolism involving the aortic bifurcation. In the latter case the onset is always acute and associated with severe shock and violent pain. Because of inadequate collateral circulation, paraplegia and ascending gangrene are likely. Translumbar aortography will outline the so-called saddle embolus and facilitate embolectomy.5"
Diagnosis of Abdominal Abnormalities
Disease of the abdominal organs may be recognized from the status of the arteries supplying them.27 Abnormal dilatation, stenosis, or obstruction of an artery indicates pathologic change. The course of the arteries from the celiac axis may give information about the liver, spleen, and the mesenteric arteries. Physiologic variations are so numerous, and our experience so meager, however, that exact diagnosis is often difficult.
In aortic seriography the abdominal diagnosis is facilitated by the outline of the spleen and liver, due to retention of the dye in the sinusoids. Parenchymal opacification is very pronounced in the kidney and the spleen, and distinctly less in the liver. The maternal circulation of the placenta has been studied by means of translumbar aortography.6 The blood sinuses give a characteristic mottling in the x-rays and allow determination of the point of attachment. Hartnett62 was able to establish the correct diagnosis of placenta previa in 2 cases. The method mav be of diagnostic value in establishing extrauterine grav7idity but its use is limited, since aortography may induce labor in women isear term.
In summation it can be said that the use of aortography for abdominal diagnosis is limited. With the exception of tumors in the lower retroperitoneum, the aortogram fails to add additional information to the physical examinatioll, routine x-ray studies, or retroperitoneal pneumography.
Aortography in Urologic Diseases
In contrast to the rather disappointing results of aortography in general abdominal pathology, experiences in the diseases of the kidney are encouraging. Rapid cassette devices opened an entirely news field in urologic investigation.2' Information includes the status of renal arteries, the condition of the kidney parenchyma, and its excretory function.
Visualization of the renal vessels is of value inl demonstrating aneurysms, arteriovenous fistulas, and vascular obstruction due to embolism and thrombosis.64 Accessory renal arteries from the left, side of the aorta, from the proximal portion of the renal artery, and from neighboring vessels will be noted. Metastatic cancer may also be seen in nephrograms,2' but the diagnosis can often be missed. Papillary adenocarcinoma and squamous-cell carcinoma of the renal pelvis will show displacement of the vessels and an abnormal pyelogram may help to identify them. 25 Hydronephrosis. The etiology of hydronephrosis can be clarified by routine urologic examination. Aortography will be necessary when intravenous pyelography gives poor visualization of the affected kidney and the retrograde pyelogram is unsuccessful. It is also indicated in cases where urinary infection makes retrograde pyelography undesirable. It will help to localize the course and number of the anomalous vessels and to determine how much they contribute to the circulation of the kidney.'4 The function of the kidney may be also ascertained. When the parenchymal changes have advanced so far that they interfere with the blood supply, the kidney should be removed, since it probably will never regain its function. ' Chronic infection causes a decreased arterial supply to the renal parenchyma and a poor nephrogram. 52 The vessels are spread apart and decreased in number. They may be stretched, displaced, or bent and often show abrupt terminations. The differentiation between actually decreased circulation and incomplete filling is not easy and can be accomplished only by routine use of a rapid cassette changer permitting adequate study of the aorta, the renal arteries, and their terminal branches. 34 Recently aortography has gained attention in connection with tuberculosis of the kidney. The necrotic areas of the renal parenchyma show decreased vascularity and more or less circumscribed dark areas in the contrast-laden kidney. Changes in the renal pelvis may be recognized in later studies. Weyde2l believed that local or segmental resection of the kidney may be possible if the extent of the lesion and its relationship to the pelvis is known.
Hypertension. The visualization of the kidney vessels is of great value in clarification of some cases of hypertension. Since the experimental work of Goldblatt,67 it is known that occlusive lesions of 1 or both renal arteries may be related to sustained hypertension. The The sensitivity reactions may be prevented by previous testing and careful selection of the patients, although Cournand7' stated that they cannot be predicted on the basis of skin or eye tests. According to Lerichel" aortography is contraindicated in obese persons, and ill patients with diminished cardiac output, or impending gangrene of the legs. In these cases the reflex action of the contrast, medium with resulting spasm and its direct toxic action on endothelium may lead to arterial thrombosis with fatal results. The iodine-containing dyes should not be used in the presence of severe liver damage, poor renal function, hyperthyroidism, exudative or allergic diatheses, advanced tuberculosis, and sensitivity to iodides.
Aortography is strictly contraiindicated in patients with renal failure. A blood urea nitrogen of 40 mg. per cent is the limit above which dye injection is not permissible. 42 Baccaglini and Ballarinll3 found hemorrhages in the glomeruli of the kidney and also in the liver and spleen in dogs. Larsson In selected cases aortography offers information that cannot be obtained by any other method. This is especially true in the field of angiology and urology.
SUMMARY
; The diagnostic value of translumbar aortography is discussed. The technic of the procedure is emphasized. Water-soluble, organic iodine media make it reasonably safe. Serial x-ray exposures during dye injection enhance its diagnostic accuracy.
The most valuable information is obtained in the fields of angiology and urology. Some diagnostic help may be gained by the examination of the lower part of the retroperitoneal area. SUMMARIO 
